the handling of nanomaterials presents enormous challenges for risk management in research and production of new materials. However, data on the impacts of these new materials on human health and the environment need to be expanded. Several efforts have been made to mitigate the hardships and offer guidelines for the management of risks associated with nanomaterials. this article aims to provide a broad and comparing view of the main proposals in the literature. the methodology was systematic analysis encompassing 17 proposed risk management with nanomaterials. the results indicate that, although there is no consensus on the metrics used to characterize the risks of nanomaterials, the adoption of the Precautionary Principle, the control banding approach and stakeholder involvement stands out among the documents analyzed.
Introduction
the handling of nanomaterials implies new challenges for risk management. On one hand, nanotechnologies are increasingly incorporated in the research and production of materials, and data are lost regarding the impacts of these materials on human health and environment.
In this scenario of uncertainty, considerable effort has been taken to mitigate the hardships with the aim of offering guidelines for the management of health risks associated with nanomaterials. Various approaches are found in the literature regarding the actions to be taken 1,2,3,4 .
Paik et al. 3 points out that the traditional approach of Oc- 
Method
Seventeen papers were analyzed with a common and generic goal of managing safety and health risks caused by nanomaterials. On the basis of the examined proposals, we created a comprehensive list of strategies and actions of which they are composed. this list served as the basis for creating a chart for comparing the various documents, which indicates the presence or absence of these actions and strategies, or in some cases, a generic or implicit reference made to these. In parallel, each proposal was summarily described, pointing out their main differences compared to others.
All the reviewed studies were initially categorized into three groups according to their main focus: 1) strategic fo-
cus defining "what to do" (the strategy) and not "how to do"
(the actions); 2) methodological approach, which provides, in addition to strategies, a practical set of measures to control the risks caused by nanomaterials; 3) the pragmatic approach, which sets a priority with regard to "how to do" (actions). In the last group, we have the tools supported by the "focus to CB or bands" (CB approaches), stipulated by Brouwer 5 .
Strategies and actions were grouped according to the basic principles outlined for the oversight of nanotechnologies, and these principles were defined by the International Center for Technology Assessment -ICTA 7 . the following principles are mentioned and described as those required for regulation of activities with nanomaterials: 1) the precautionary principle, 2) specific nano compulsory regulation, 3) protecting the health and safety of the public and workers, 4) environmental protection, 5) transparency, 6) public participation, 7) inclusion of wider impacts, and 8) manufacturer responsibility.
Strategies were grouped following the principles that they serve most directly, however, without representing the approach of the proposed principle. In this way, the principles in question are, in general, far more comprehensive than all assigned strategies. Some of the principles cited are not achieved by the proposed risk management procedures because they lay outside the scope of the procedure, as is the case with the principle of a nano specific mandatory regulation. Likewise, none of the proposals include strategies or actions for wide impacts (ethical, socioeconomic, commercial, etc.); these should be provided or addressed with better analytical tools. this forced us to exclude the principles of nano specific compulsory regulation and the principle of inclusion for wider impacts from the analysis. the principles about the health and safety of the public and workers, and the environmental principle were grouped by considering the similarity of the purpose: protection. Similarly, the principles governing public participation and responsibility of the producer were grouped on behalf of the partial relationships between strategies, actions, and concern to these principles.
the analysis was intended to highlight the features shown in each document without attributing a certain value (better or worse). Thirty specific actions were assigned to the set of strategies related to the principles mentioned previously.
Strategies were categorized and weighted according to the action type.
the precautionary principle the precautionary principle 8, 9, 10 suggests that (under uncertainty) prevention is better than remediation (because eventually this may not be possible). In general, this principle seems appropriate to the risk management related to nanotechnologies.
There is no single definition for the precautionary princi- Concerning nanotechnologies, Sudarenkov 11 indicates that the precautionary principle should be adopted in its active form, incorporating the above components, respecting the freedom of research, and encouraging innovation.
As pointed by Stebbing 9 , despite the support to the precautionary principle, there are also criticisms of it. In this case, the author points out three critical points: (1) "precaution" may lead to "fear of the future," as this could cause increase in risk per- the CB tool exhibits some characteristics. there is no specific limitation on the number of tracks both to risk and exposure, and the same occurs for the number of risk groups.
Although there is no limitation on the number of tracks, a large sample would also determine many risk groups, which could compromise the ease of using the tool.
In the general scheme (Chart 1), risk group I represents a "low" risk and risk group II an intermediate group ("medium" risk), while risk group III would be related to the "high" risk. For each of these three groups, the tool should provide guidelines for mitigating risk control, compatible to their severity or intensity.
stakeholder involvement in the occupational safety and Health (osH) process the participation of all stakeholders, in particular workers, is essential in conducting management processes and risks arising from the study and for promoting a healthy work environment 12, 13 . Indeed, the methodologies for risk management that include the participation of those involved in their administration (and/or in the construction and implementation) neither cannot be considered as a closed set of practices nor a package (model) to be imposed 14 but whose full or partial adoption should only be through dialogue and collective bargaining.
In this context, control of occupational hazards shall constitute a participatory process of ongoing collective construction. According to the European Agency for Safety and Health at Work 15 , the successful management of health and safety at work requires workers to be informed, consulted, and mainly participate in discussions on all questions related to Safety and Health at Work. the ILO 13 report points in the same direction.
Participation must be understood as a political and collective process that exercises autonomy in decision making and increases 
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Organizational measures of risk prevention and control It is worth to note that there is no better or worse model classification. The same occurs in relation to participation itself, i.e., the "building together" is not necessarily better or worse than the "collaboration." It will require the most appropriate format to be adopted. Thus, the presented classification criteria solely lend themselves to a better understanding of this phenomenon and, therefore, do not constitute a value scale. chart 2. Some ratings regarding decision making participation -section 1.
Participation types Description
Microparticipation Voluntary association of two or more people in a common activity in which they do not intend to solely take personal and immediate benefits.
Macrovasculopatia
Human intervention in social building or modification processes, in other words, in the "history of society."
In this particular case, "society" would have the group of workers involved in the risk control participation process as a measure of comparison.
Participation modes Description
Actual Group existence prompts the individual to participate, i.e., it is about the participation that all human beings are compelled from the moment they decide to live or be in a group.
Spontaneous
In this case, the individual only participates in certain groups, at free will, such as the groups of neighbours and friends. these groups are not organized nor have a formal and stable purpose.
Imposed
Individuals are obliged to participate, either by moral code or legislation.
Voluntary
Group is created by the participants themselves who define their organization mode, objectives, and functional methods.
Provoked
Participation is brought about by an external agent.
Granted
Organizations and/or public agents bestow decision making powers to the subordinates and/or citizens.
Participation levels Control Description L M Information/reaction Group members are only informed about something already decided. Example: the workers are informed that the plant will close within a certain time.
Optional consultation Criticisms and suggestions are requested from the members of the group. Example: suggestion box in a company.
Compulsory consultation the subordinates are consulted (mandatory), but the decision belongs to the administration. Example: salary negotiations between employers and employees.
Preparation/recommendation
Preparation process whereby the refusal of the suggested recommendation acceptance must comwe along with a justification by the decision maker. Example: suggestions made at the company with feedback from the administration.
Co-management Shared administration by co-decision and collegiate. Example: factory Committee, or specifically the Occupational Health and Safety Service.
Delegating
Autonomy in certain fields or jurisdictions. The autonomy may be terminated. Example: the decision maker delegates autonomy to someone.
Self-management
No external authority may, eventually, terminate the decision making power. Example: self-managed companies by groups of workers, cooperatives. Citing Gandin, Santos 17 also establishes some levels in which participation can be exercised, as shown in Chart 4.
In addition to the intrinsic characteristics of the participation processes, Bordenave 16 and Borba 18 point out some participation principles that do not exhibit a dogmatic character; however, they serve to support and eventually guide the adoption of this type of process.
According to these authors, the following are the participation principles:
•Participation is a human need, therefore, it is a person's right.
•Participation is justified in itself, and not by its results.
•Participation is a process of developing critical consciousness and empowerment.
•Participation leads to ownership of the development group.
•Participation is something that one learns and perfects (although it is a human need, it needs to be learned).
•Participation can be provoked and organized, and this does not necessarily mean manipulation.
•Participation is facilitated through the organization and setup of communication channels.
•In order to participate, individual differences must be respected.
•Participation can resolve conflicts, but it can also generate them.
•One should not "sacralize" participation: it is neither a panacea nor is indispensable at all times.
These authors show some of the defining factors of participation that can be either facilitators or barriers to participation, depending on their presence or absence and the way in which they are related, including personal qualities and differences between group members; the social philosophy (or set of values ) of the institution or group; social structure; historical conditions; the limits derived from the complexity and size of an organization, a group, or a situation; the strength of social institutions; the informal social organization; the convergence of objectives; access to information; feedback; dialogue (communication); lack of knowledge, time, and financial resources (not necessarily in this order) and also not in a mutually exclusive way.
In addition to the already mentioned constraints, Bordenave 16 refers to "participation spaces" such as family, community, and work space; the latter including the participation advocated by this study.
One can therefore state that participation, in the conduct of risk management (or more broadly, the osH) in the workplace, ideally should be macro participation (in relation to the type) caused, or preferably granted (in relation to the way), in co-management or delegation (in relation to the degree), In depth External agent, if there is one, identifies himself as "an equal" to the group members. In this case, there is the risk of leadership and power relations being overlooked within the group.
Source: Based on Bordenave 16 . chart 4. Practice levels of participation for decision making.
Practice levels of participation Description
Collaboration At this level, authority has already defined, decided, and searches among group members the legitimacy for the decision taken, although it might be by means of the group silence or inertia.
Decision
At this level, participation happens as a "choice between alternatives." Broader and fundamental aspects of the process are not analysis targets.
An example of such process is before a legal obligation ("what to do") that cannot be discussed, one decides "how to".
Joint construction
At this point, the whole process is effectively discussed and agreed by the group that needs to overcome in order to achieve it, their internal differences.'
Source: Based on Santos 17 .
is one that offers correct information, carefully listens, and actively consults the involved ones.
Broad participation is a key element to effectively con- 12 . In addition to these are the techniques of participatory ergonomics, as described by Nagamachi 21 .
Although the theme of participation is wide and complex, as previously stated, the proposals analyzed merely indicate when they indeed need to participate in the evaluation process and control occupational hazards. Results and discussion 
strategic approaches
Among the strategic approaches, we can cite the study of tyshenco and Krewski 22 [A] (A risk management framework for the regulation of nanomaterials), which exhibits the general structure where a set of strategies are proposed to regulate the handling of nanomaterials. Primarily, the proposal is an integrated and standardized approach to facilitate the breaking of any trade barrier in the future. By incorporating the setup and structure of regulation as an objective (and not a specific control activity), the proposal is generic even in the specifications of strategies.
risk assessment of nanoparticles proposed by tsuji et al. 
Methodological approaches
Six proposals were classified as having a methodological approach; in addition to strategies, they include actions defined by using the methodology of CB. The following are the methodological proposals:
Amoabediny et al. 26 [E] referenced the work Guidelines for 1 , which proposes a comprehensive approach covering both general strategies for managing risks associated with nanomaterials, such as the CB-type approach based and referenced in the study of Paik et al. 3 . this proposal, also referred to as the Quebec approach, seems quite complete, which can be seen in 
Pragmatic approaches -control Band (cB)
When using quantitative surveys, which are usually more expensive, the CB approach is suitable for smaller operations such as those performed in research laboratories or in micro and small enterprises. typically, these tools are limited to indicate a range (band) of risks for a given operation and associated actions to mitigate risks. As expected, these tools must be inserted into a larger set of actions so that one can produce effective risk management. One of the first applications of the CB methodology to nanotechnology (CB NanoTool) 3 [L] was proposed by Paik et al. 3 , who classifies a given operation with nanomaterials into four risk levels. This classification is based on the interpolation . table 2 shows the proposals sorted from the largest to the smallest score.
The score was defined by assigning two points for each occurrence with symbol ↑ in Figure 1 and one point for each occurrence with symbol ↔. there was no assigned score for each non-mentioned action. thus, the proposal making a direct reference to all 30 shares would receive a score equivalent to 60 (2 points for each of the 30 references). The four classified proposals (references A, B, C, and D in the text) were not included in this score because they are strategic, and hence are not included in direct references to actions.
It is worth mentioning that a proposal receiving a higher score than another does not determine different qualities a priori. this is because the value of an action depends more on the focus and scope for which the proposal was developed.
As already mentioned, proposals A, B, C, and D were excluded from this scoring method because they exclude references to strategic actions. In this scenario, the CB approach is highlighted among the reviewed documents. the explanation may lie in the fact that it is not known what exactly should be measured (and how to do it). It is reasonable to expect that a methodology that yields measurements such as the CB approach is better.
Similarly, with a plethora of uncertainty, the precautionary principle stands as a commonplace in many analyzed proposals. It seems reasonable that this is due to the consideration of earlier cases, in which potentially dangerous situations were not treated such as generating serious issues to the health of those involved, as well as huge economic losses. health but also for legal and economical security, which are essential keys for scientific and technological progress.
